Although rape is an event with a high incidence worldwide, there is currently no single consensus about both the general effects and the diagnosis and treatment of this. To evaluate the consequences of rape, a teenage girl was evaluated at two moments: a month-and-a-half and then a year-and-a-half after being raped. Clinical measurements, neuropsychological testing and electroencephalographic recording (EEG) were conducted in four conditions: eyes closed, eyes open, and during performance of two tasks: Towers of Hanoi and Wisconsin. Observations showed subsyndromal symptoms of post-traumatic stress on the first evaluation, and close-to-normal scores on the neuropsychological and cognitive tests in both assessments. Decreased cortical EEG synchronization, mainly in the fast frequencies and in almost all conditions, was obtained in the second evaluation. The results obtained in this study may indicate an early development in the brain, which is discussed in light of current literature on this topic.
Method

Case of Study
Yatzil (pseudonym) is a right-handed teenage Mexican adolescent ( Table 1 ) who was raped on two occasions. The first occurred when she was six years old. She says that the man was in his early 30s and appeared to be on drugs. As she said nothing to her family, no complaint was registered, and she received no assessment or other attention. Her second rape occurred at the age of 14, as she walked to school at about 6:30 in the morning. The man who attacked her ran by her once and then returned to threaten her, holding a knife to her throat. He forced her into a parking lot where he raped her. The attacker was in his late 20s but was not drugged or inebriated. After the attack, she went to school as usual and attended class as if nothing had happened, but she told a classmate what had transpired. The student told a teacher who informed Yatzil's mother. They went for medical attention and to register a complaint.
Clinical History
Yatzil's mother is 50 years old. She studied only up to the fourth grade of primary school and currently works as a merchant. Her father is 47. He finished grade eight and is an industrial mechanic. Yatzil is her mother's fourth daughter, second with this father, who is the mother's third partner, but the only one she married. Yatzil's mother has been physically or psychologically abused by all her partners. When Yatzil's mother was pregnant with her, she had many problems with her partner and was often depressed and angry. She almost miscarried on three occasions. At birth (full term, cesarean section) Yatzil had serious problems with choking and had to spend four days in hospital. She weighed about 2 kilos, 300 grams and measured 45 cm; her mother breastfed her for less than a month. From birth Yatzil was constantly rejected by her father because he hoped for a boy. Shortly afterwards he left the home and Yatzil has had almost no contact with him throughout her life. She recalls that her father and mother often fought. With respect to such events as the age at which Yatzil began to walk, talk and learn sphincter control, her development was typical of the norms of that time.
At present Yatzil is a healthy girl and she is known as a very friendly girl. She had her first boyfriend at 12 in a relation that lasted three months. She has had three boyfriends, but no voluntary sexual intercourse with any of them, or anyone else. Yatzil is currently studying her first semester of high school. She has good grades, many friends, and good relationships with her teachers. She began kindergarten at three and adapted quickly. She has always enjoyed school, has never failed, and there is no evidence of complaints about her behavior in the schools she has attended up to now. She wants to study medicine.
Procedure
Permission was obtained from the Chief of Emergency Pediatrics and Coordinator of the Multidisciplinary Group for Child Victims of Abuse at the Civil Hospital "Dr. Juan I. Menchaca", Guadalajara, Jalisco, Mexico, and informed consent was obtained from the victim and her mother for the assessment. Furthermore, the protocol for this study was approved by the Ethics Committee of the Institute of Neurosciences of the University of Guadalajara.
The teenage girl was evaluated at two moments: a month-and-a-half and then a year-and-a-half after the second rape. Each of the evaluations consisted of two sessions (lasting approximately one hour each one): a session in which clinical and neuropsychological tests were applied and another in which an electroencephalographic recording was performed. The evaluation included clinical interviews with both women (mother and daughter) and application of the following clinical scales: the Children's Depression Inventory (CDI), the Trait Anxiety Inventory for Children (STAIC), and the Children's Post-Traumatic Stress Scale (CPSS). Also, we applied the vocabulary and block design subsets of the Wechsler Intelligence Scale for Children (WISC-IV-R) to estimate IQ [30] , and the handedness items from the Edinburgh Handedness Inventory [31] [32] . Yatzil was de-fined as right-handed. Some sub-tests from the Child Neuropsychological Assessment Battery for Spanishspeaking Children (Evaluación Neuropsicológica Infantil, ENI) [33] were used to evaluate attention and memory, and she was asked to perform computerized versions of the Tower of Hanoi task (HANOIPC3) [34] and the Wisconsin Card-Sorting Test (WCST) and the Wisconsin Card-Sorting Test (WCST).
EEG Recording
EEGs recordings were taken during both evaluations with the participant awake, in a sitting position, in a dimly-lit, soundproof room, with her head supported by the back of a comfortable chair, and in four conditions: eyes closed (3 min), eyes open (3 min), at rest, and during performance of the Tower of Hanoi (maximum 7 min) and Wisconsin tasks (approximately 15 min). The recording sites were Fp1, Fp2, F3, F4, P3 and P4, according to the 10 -20 International System [35] . All derivations were referred to linked ears, while the ground electrode was placed on the forehead. EEGs were amplified using a Grass model P7 polygraph with EEG filters set at 1 and 60 Hz. Impedance for the EEG electrodes was kept below 10 KΩ.
Specially-designed software [36] was used to sample (1024 points at a sample rate of 512 Hz) and store the EEG data for off-line processing. All EEG epochs that were visually identified as contaminated by noise were automatically removed by another computer program (CHECASEN) [37] . The EEGs were analyzed using the Potencor program [38] that applied the Fast Fourier Transform and Pearson product-moment correlation. Calculations included INTER r and coh between homologous left and right derivations (Fp1 -Fp2, F3 -F4, P3 -P4) and INTRA r and coh between derivations in the left (Fp1 -F3, Fp1 -P3, F3 -P3) and right hemispheres (Fp2 -F4, Fp2 -P4, F4 -P4) for seven frequency bands: delta (δ, 1.5 -3.5 Hz), theta (θ, 3.5 -7.5 Hz), alpha 1 (α1, 7.5 -10.5 Hz) alpha 2 (α2, 10.5 -13.5 Hz), beta 1 (β1, 13.5 -19.5 Hz) beta 2 (β2, 19.5 -30 Hz) and gamma (γ, 30.5 -60 Hz).
Results
Clinical Test Results
Children's Depression Inventory (CDI): A score of 19 or higher indicates depressive symptoms. Yatzil scored 8 on the first evaluation and 3 on the second, indicating low depressive symptomatology ( Table 2) . Trait Anxiety Inventory for Children (STAIC): A score of above 60 is considered a high level of anxiety. On both evaluations, Yatzil scored 30, suggesting a low level of anxiety ( Table 2 ). Children's Post-traumatic Stress Scale (CPSS): To judge the presence of PTSD, the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) were applied to detect at least one symptom of re-experiencing, 3 of avoidance, and 2 of increased activation [39] , the standards for diagnoses of subsyndromal PTSD [40] . We considered a symptom to be present when it occurred at a high frequency and on most days. On evaluation 1, Yatzil showed one symptom of re-experiencing and 3 of increased activation, sufficient to be considered subsyndromal at that time. On assessment 2, she once again showed some signs of re-experiencing and activation, but they were not sufficiently frequent to count as symptoms; thus, the determination was that neither PTSD nor subsyndromal PTSD was present ( Table 2) . 
Neuropsychological Test Results
Wechsler Intelligence Scale for Children (WISC-IV-R): On evaluation 1, Yatzil obtained an IQ of 82; on the second her result was 91 ( Table 2) . Child Neuropsychological Assessment Battery for Spanish-speaking Children: Yatzil obtained average scores on almost all sub-tests, except for Digits in progression, where her result was just 2 (extremely low) on the first assessment. On the text memory task she obtained 9 (low) on assessment 1 and 5 (low) on evaluation 2 ( Table 3) . In this battery, natural scores are converted to their equivalent in percentiles. Tower of Hanoi (HA): She achieved practically identical scores on both evaluations, but was unable to complete the task on both occasions ( Table 3) . Wisconsin (WI): Yatzil completed all the possible categories on both assessments (6/6) and her execution was virtually identical both times ( Table 3) . 
EEG Recording Results
Considering that some studies [41] [42] indicate that no major EEG changes occur between 14 and 15 years of age, this study only considered differences significant if they showed a change (increase or decrease) ≥40% on evaluation 2 (E-2) compared to evaluation 1 (E-1). In general, both INTER r and coh Fp1 -Fp2 and F3 -F4 (Figure 1(a), Figure 1(b) ), showed decreases mainly in the fast frequencies on E-2, compared to E-1. No differences were found in INTER r or coh P3 -P4 (Figure 1(e), Figure 1(f) ). With respect to left INTRA r and coh Fp1 -F3 (Figure 2(a), Figure 2(b) ), there were increases in the slow bands in the WI and HA conditions, with a decrease in the fast bands on E-2 compared to E-1. Only INTRA r Fp1 -P3 (Figure 2(c) ) showed decreases in delta during HA and WI and in the faster bands in all conditions. INTRA r and coh F3 -P3 (Figure 2(a), Figure 2(b) ), meanwhile, had significant decreases in almost all frequencies and conditions compared to evaluation 1 (Figure 2(e), Figure 2(f) ).
In right INTRA r and coh, Fp2 -F4 (Figure 3(a), Figure 3(b) ) and Fp2 -P4 (Figure 3(c) ) a decrease on evaluation 2 with respect to E-1 in some conditions, mainly in the fast bands. In INTRA r and coh F4 -P4 (Figure 2(a), Figure 3(b) ), a decrease of the fast frequencies was obtained mainly during the task conditions (Figure 3(e), Figure 3(f) ).
Discussion
This is a peculiar case study because despite being raped twice in her life, Yatzil seems not to have been seriously affected, at least not in the areas evaluated in this work. Her life history presents many aspects that would seem to constitute severe disadvantages for her personal development: namely, low birth weight, problems at birth, medium-low socioeconomic status, absent father, her mother's chronic depression, and family disintegration. However, potential advantages in her life, such as her good relationship with her mother and the sister that lives with them, as well as the absence of parental abuse, might be sufficient to offset possible psychopathologies [43] or adverse personality traits. In general, the data from this study show that several areas of Yatzil's life appear to be unaffected by the violent events that she has experienced. Thus, it is possible to suggest that Yatzil develope a high level of "resilience", a term that refers to a class of phenomena characterized by good outcomes despite serious threats to adaptation or development [44] .
On the cognitive assessment, Yatzil also achieved good performance, except for execution of the Towers of Hanoi task, which she was unable to complete in the time allowed on the two evaluations. Likewise, her scores on the digits in progression sub-test were extremely low on E-1 and low on the text memory task on both assessments; however, there is no way of knowing whether these deficiencies are due to the rapes that she suffered or some other causes. But the fact that she had a low score on the digits in progression sub-test on E-1 but not E-2 could indicate that when the rape event was recent (E-1), her short-term memory or auditory attention was affected.
With respect to the EEG results, in general, significant decreases in the INTER-frontal (Fp1 -Fp2, F3 -F4,), INTRA-fronto-frontal (Fp1 -F3, Fp2 -F4 ) and fronto-parietal (Fp1 -P3, Fp2 -P4, F3 -P3, F4 -P4) r and coh were found on E-2 with respect to E-1. Normal developmental studies have described an overall INTRA coh increase around 14 -15 years of age (when we performed E-I and E-2, respectively) in both hemispheres [41] [42] . These data show that in Yatzil's case, INTRA r and coh followed a developmental pattern distinct from the norm, such that despite her lower synchronization among cortical areas in the same hemisphere, she was able to manifest adequate, normal execution on most of the neuropsychological and cognitive tests applied.
With respect to the degree of inter-hemispheric synchronization, the results of this study agree with other works that have reported r and coh changes at these ages mainly in frontal, but not parietal areas [41] . Although a decrease in the coherence of the frontal lobes over time has been reported [42] , the magnitude of change mentioned was not as large as that found in our study (≥40%), nor was it apparent in this short-time period (1 year, 4 months). It is probable that this rapid decrease in cortical synchronization is associated with a rearrangement of the cortical connections that allowed an adaptation to the external and internal environments despite the rape events.
It has been proposed that decreased coherence is associated with increased spatial differentiation, greater brain complexity and, therefore, increased speed and efficiency of information processing [45] . Similarly another study [46] reported that the average connection density of the brain decreases with a concomitant rise in brain size and complexity, reflecting an increasingly modular architecture. In this context a study [47] found that decreased coherence was positively correlated with IQ and hypothesized that general intelligence is positively correlated with faster processing times in the frontal connections, which is reflected in shorter phase delays, so that a decreased inter-hemispheric synchronization could be suggested as an index of cognitive effectiveness. Thus, the fact that Yatzil had decreased INTER r and coh on E-2 could be associated with an accelerated maturation process that might be required for efficient performance on most of the neuropsychological and cognitive tests and for adequate behavioral adaptation in different areas of Yatzil's life.
Another interpretation related to the decrease of frontal INTER r and coh on E-2 could involve maturation of the corpus callosum. It is well known that this area is the main connection pathway between the two hemispheres; hence, its integrity depends on the degree of functional coupling between the two halves. It has been shown that INTER coh is positively correlated with the regional corpus callosum [48] and studies have demonstrated that the development of the corpus callosum in both rodents and primates is negatively influenced by social adversity [49] - [51] as in cases of abused human children [52] - [54] . Likewise other study [26] found that mistreated adolescents showed reduced frontal (anterior) INTER coh. Thus, in this study it is probable that the decreased r and coh between frontal regions obtained on E-2 is associated with the effect that the rape produced on the functionality of the corpus callosum that, as a result, decreased the degree of communication between the frontal cortices.
According to the literature, rape generates significant behavioral, emotional and cognitive alterations; however, this work shows that Yatzil, despite suffering two rapes, had few manifestations of psychopathological symptoms or cognitive impairments. This could be a result of the high level of resilience that she developed. On the other hand, over a short-period time, she showed an evident decrease in inter-cortex synchronization (frontal INTER and INTRA r and coh), a significant indicator of cerebral maturation. It is possible that this "faster maturation" in some way changed Yatzil's perceptions of the world and determined many of the important decisions that she has taken during her lifetime.
The present study had several limitations. First, we do not have some information about any evaluation or the overall impact after the first rape experienced by Yatzil, which would be very valuable to this study. Second, we consider that the results presented in this study are not necessarily the consequences of the second rape; however, considering that other studies have reported the traumatic experiences such as that rape should have a significant impact on brain development, it is likely that the experiences of rape experienced by the adolescent evaluated in this study are closely related to our results, especially the EEG results. Third, it would have been good to register a participant with similar characteristics to Yatzil, however we were not able to recontact some female adolescents evaluated in a first session.
The case presented in this study reflects the variety of consequences that may arise from rape experiences, and emphasizes the importance of considering the difficulty of talking about the specific consequences of sexual violence-especially rape-which depends on various factors, including the circumstances of the event, its duration, and the victim's age, personality, etc. It is probable that in many cases the assessments used to evaluate individuals who have experienced sexual violence may produce incomplete results or diagnoses, or give false evidence of the effects of these experiences. Hence, more research needs to be done on the consequences of the experience of rape to produce data that will be essential to determining both the effects of rape and the most suitable treatments for these cases.
